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I. Introduction

A. Background

PROTEINscript® II T7 Kit is designed for linked in vitro transcription
and translation; the procedure is depicted schematically in Figure 1.
The system is based on transcription with T7 bacteriophage polymerase
followed by translation in an optimized rabbit reticulocyte lysate (Pel-
ham and Jackson, 1976). In eukaryotic coupled transcription:transla-
tion systems, one or both of the reactions is compromised to produce a
coupled system. Conversely, in the PROTEINscript II T7 Kit, each
reaction has been individually optimized to ensure that both the tran-
scription and translation reactions are functioning at their full potential.

In the standard transcription reaction, the DNA template (typically
0.5 μg plasmid or 2–5 μL PCR product) is transcribed in a 10 μL reac-
tion at 30°C for 60 min. The transcription reaction is extremely robust
and produces large amounts of high quality, full-length transcript. Only
a small portion (1–2 μL) of the transcription reaction is used in the sub-
sequent translation mixture (50 μL total), which is incubated for 60 min
at 30°C. The small volume of transcription reaction used in the transla-
tion minimizes the inhibitory effect of transcription metabolites carried
into the translation reaction with the RNA. A single transcription reac-
tion typically provides enough RNA for 5 to 10 translation reactions,
and any unused material may be stored frozen at –20°C for use in later
experiments.

The PROTEINscript II translation reaction contains a transcription
inhibitor which blocks any transcription from occurring in the transla-
tion step. This ensures that only high-quality, full–length mRNA serves
as a message in the translation reaction. Incomplete RNAs may generate
truncated protein products and may lower yields of protein synthesis by
competing for ribosomes during the translation process. The transcrip-
tion inhibitor has no negative effect on translation and, in some circum-
stances, may improve yields.
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B. Reagents Provided with the Kit

Figure 1. PROTEINscript® II T7 Kit Procedure
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P/N AM1286
10 rxns

P/N AM1281
40 rxns Component Storage

20 μL 2 x 40 μL T7 Enzyme Mix –20°C

10 μL 10 μL pTRI-Xef control template (0.5 mg⁄mL) –20°C

20 μL 80 μL 5X Transcription Mix Below –70°C

25 μL 100 μL 20X Translation Mix Below –70°C

2 x 220 μL 7 x 220 μL Retic Lysate* Below –70°C

25 μL 100 μL 500 μM Methionine Below –70°C

1.75 mL  1.75 mL Nuclease-free Water Any temp†

* Do not freeze/thaw a tube of lysate more than 2 times.
† Store Nuclease-free Water at –20°C, 4°C or room temp
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C. Choice of Labeled Amino Acid(s)

[35S]Methionine is the most frequently used amino acid used for label-
ing in vitro translation products and we recommend using it unless the
protein of interest contains no methionines. The rabbit reticulocyte
lysate contains about 5 μM endogenous methionine; this is diluted to
about 3.5 μM in a typical PROTEINscript II reaction mixture. The
addition of radiolabeled methionine, (4 μL of [35S]methionine
(1200 Ci/mmol, 10 μCi/μL) in a 50 μL reaction) increases the final
concentration of methionine in the reaction to about 4 μM, allowing
the synthesized protein to be labeled at a very high specific activity. The
very low concentration of methionine in the reaction mixture will usu-
ally limit the amount of protein that can be synthesized.

For maximal protein yield, the final concentration of methionine in the
translation reaction should be augmented to ~25–30 μM with unlabeled
methionine. The specific activity of the protein will be lowered, but there
will be an approximately 5 fold increase in the amount of protein synthe-
sized (incomplete chains will be shifted to full-length products).

D. Materials Not Provided with the PROTEINscript II T7 Kits

Radioactive amino acid We recommend using [35S]methionine to radiolabel in vitro translation
products. If the RNA does not encode any methionine residues, use
[14C]leucine instead.
• [35S]methionine, >800 Ci/mmol, the products listed below contain

a stabilizer that increases their stability over conventional radiola-
beled amino acids:
PerkinElmer™ [35S]methionine Cat #NEG709A
Amersham International [35S]methionine Cat #AG 1094

• [14C]leucine 300 mCi/mmol:
PerkinElmer™ [14C]leucine Cat #NEC279
Amersham International [14C]leucine Cat #CFB67 14C 

Constant temperature water 

bath (30°C)

Protein yield is highest when PROTEINscript II reactions are done in
water baths, but other 30°C incubators can be used.

Materials for quantitation of 

incorporation of labeled 

amino acid into protein:

• Trichloroacetic Acid: 25% and 5–10% (w/v) in water
• Ethanol (either absolute or 95%)

• Decolorizing Solution:

1 N NaOH

1 mM D-methionine or L-methionine

1.5% H2O2
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• Glass fiber filter (for example Whatman GFC)
• Filtration manifold
• Scintillation Fluid

Reagents and equipment for 

SDS-PAGE analysis, 

including:

• (optional) RNase A (1 mg/mL) or RNase Cocktail (P/N AM2286)
• Reagents and apparatus for SDS-PAGE (gel recipes in section V.A

on page 17)
• gel dryer
• Autoradiography cassette and x-ray film.

E. Related Products Available from Ambion

10X TBE
P/N AM9864

Individual packages of 10X TBE contain the powdered reagents to make 1 L
of 10X TBE by adding water. All components are ultrapure molecular biology
grade.

RNase A

P/N AM2272

DNase-free RNase A. This can be used as described in section IV.C. Appear-
ance of bands at 25–30 kDa on page 16 to eliminate background bands.

RNase Cocktail™
P/N AM2286, AM2288

RNase Cocktail contains RNase A and RNase T1 in the same proportions as
found in RNase A/RNase T1 Mix included in the RPA III™ Kit, but at twice
the concentration. A 1:2 dilution of RNase cocktail is equivalent to
RNase A/RNase T1 Mix.
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II. PROTEINscript II Kit Procedure

A. Preparation of Template DNA

PROTEINscript II Kit will function with a variety of DNA templates as
long as they contain a T7 RNA polymerase promoter sequence
upstream from the coding sequence. This includes PCR products, and
supercoiled or linearized plasmids.

Plasmid DNA We observe the best transcription yields with very clean DNA template
preparations. It is especially important that they be free of RNase, Mg2+

and salts. Most commonly used lab protocols and commercially avail-
able plasmid purification products yield DNA that will work well in
PROTEINscript II (see section V.C on page 18 for a plasmid prepara-
tion procedure that has been shown to work well).

Uncut plasmids are recommended for use in PROTEINscript II. There
is little to no difference in translation between RNA transcribed from
uncut vs. linearized plasmids. Plasmids that have linearized with restric-
tion enzymes should be extracted with phenol chloroform and ethanol
precipitated to remove enzyme and reaction buffer prior to use with this
kit. Template must also be free of RNase, Mg+2 and salts. We recom-
mend that plasmid DNA be resuspended in nuclease-free water or TE
buffer (10 mM Tris-HCl pH 8, 1 mM EDTA) at a final concentration
of 0.25–0.5 mg/mL.

PCR Products PCR products that were produced using mineral oil overlays should be
extracted with 1 volume of chloroform by vortexing vigorously for
30 seconds followed by high-speed centrifugation for 1 min. Use
2–6 μL from the aqueous phase for the transcription reaction (typically
0.5 μg DNA).

PCR products synthesized without an overlay of mineral oil can be
added directly to the transcription reaction. The nucleotides and mag-
nesium levels from the PCR are negligible and will not affect the tran-
scription reaction.

B. Assembly of the Transcription Reaction

1. Thaw the transcription 

reagents 

Remove the 5X  Transcription Mix, the T7 Enzyme Mix, and Nucle-
ase-free Water from the freezer, thaw at room temp or at 37°C. 

The 5X Transcription Mix should be vortexed briefly and all reagents
should be microfuged before opening tube to prevent loss or contami-
nation of material. 

Place all reagents on ice once they have thawed.
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NOTE

2. Assemble transcription 

reactions

The T7 Enzyme Mix will specifically transcribe DNA sequences down-
stream of their respective promoters. It is important not to use a large
excess of enzyme, as this can cause transcription from inappropriate sites.
The specific activity of the RNA Polymerase Enzyme Mix is optimized
for each lot of lysate to ensure maximum RNA and protein synthesis.

Oxidation or denaturation of the
RNA Polymerase Enzyme Mix can
compromise performance of the
placental RI and can result in the
release of active RNase A into the
transcription reactions.

Placental Ribonuclease Inhibitor is a non-competitive inhibitor of ribo-
nucleases and is added to the RNA Polymerase Enzyme Mix to ensure
the preservation of full-length single-stranded RNA molecules.

The recommended reaction volume is 10 μL but it can be scaled up or
down proportionately. Add the indicated reagents in the order shown to
a 0.5 mL microfuge tube on ice.

Mix by pipetting and then microfuge briefly to collect the contents at
the bottom of the tube.

3. Incubate 60 min at 30°C During this incubation, the translation mix can be prepared. After com-
pletion of the transcription step, proceed immediately to the translation
step. Any transcription reaction not used immediately in the translation
reaction, may be stored at -20°C for use in future translation reactions.

Amount Component

--- μL  Water to 10 μL

2 μL 5X Transcription Mix

--- μL DNA template* (0.5 μg plasmid or 2–6 μL PCR)

* Always include a minus-DNA control reaction with all the reaction compo-
nents except the DNA to measure the small background level of incorporation.

2 μL Enzyme Mix

Figure 2. Titration of Transcription Reaction into Translation Reaction

The pTRI-Xef template was transcribed with T7 RNA polymerase using the PROTEINscript II Kit. The control tube con-
tained no DNA template. Different volumes of the transcription reaction were added directly to PROTEINscript II trans-
lation mixes and incubated under standard conditions. Five microliter aliquots were withdrawn from each tube for TCA
precipitation (A) and SDS PAGE /autoradiography (B).
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C. Assembly of the Translation Reaction

1. Thaw the translation 

reagents then place on ice

Remove 20X Translation Buffer, radiolabeled amino acid and Reticulo-
cyte Lysate from the freezer. It is important to thaw the Retic Lysate
quickly by holding it in your hand or incubating it in a 37°C water bath.
As soon as is it thawed place it on ice with the other components.

2. Assemble translation 

master mix

The recommended reaction volume is 50 μL, but it can be scaled down
to 25 μL with no loss of activity. Only 2 μL comes from the transcrip-
tion reaction and the other 48 μL comes from the translation mix
described below (see Figure 2 on page 6). Each tube of lysate contains
enough material for 6 x 50 μL reactions. The table below shows how to
make a master mix for a single translation, and for 6 translations. Dis-
pense 48 μL of the translation master mix into fresh 0.5 mL microfuge
tubes.

3. Add 2 μL of the 

transcription reaction to 

the translation master 

mix

Flick the tube with your finger or vortex gently to mix, then microfuge
briefly to collect the reaction mix at the bottom of the tube. Translation
will begin as soon as the RNA from the transcription reaction is added
to the translation mixture.

4. Incubate at 30°C for 

60 min 

During this incubation, the SDS gel can be prepared and assembled.
Also, this is a good time to prepare tubes with decolorizing solution for
TCA precipitation (see sections V.A on page 17, and III.C on page 9)

5. Stop the reaction on ice Samples may be analyzed immediately or stored frozen at –20°C for
future analysis

1 rxn 6 rxns Component

4 μL 25 μL Water

2.5 μL 16 μL 20X Translation Mix

2.5 μL* 16 μL* unlabeled Methionine (500 μM) -optional*

* To synthesize highly labeled protein, simply replace the volume of unlabeled meth-
ionine with more water. For a higher yield and lower specific activity product, the 
addition of 25 μM unlabeled methionine is recommended.

4 μL 25 μL [35S]methionine (~1200 Ci/mmol, 10 μCi/μL)

35 μL 220 μL Retic Lysate

48 μL 302 μL final volume
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III. Analysis of Translation Products

A. Translation Product Analysis Overview

There are several ways to analyze PROTEINscript II reaction products:
1. SDS gel electrophoresis followed by autoradiography
2. TCA precipitation and scintillation counting
3. Functional testing using detection by fluorescent/luminescent methods
4. Western blot and antibody recognition 

Separation of the products on an SDS gel gives information about the
size of the products as well as their purity (single full-length protein or
incomplete products). Additionally, the band of interest can be excised
from the gel, and scintillation counted to determine the yield of full
length protein. 

TCA precipitation gives important information about the stimulation
of translation over the control sample (minus-RNA). It also facilitates
verification of incorporation of the labeled amino acid and rough esti-
mation of the amount of protein synthesized.

Fluorescent and luminescent proteins can often be analyzed based on
these properties in an appropriate imaging device. If antibodies are
available to the protein products, they can be used to characterize the
reaction products.

B. Analysis of Translation Products by SDS-PAGE

We recommend using relatively thin (0.5–1 mm) 10–15% SDS poly-
acrylamide gels. The procedures described either by Laemmli (1970), or
Anderson et al., (1973) work well. See section V.A on page 17 for gel
recipes.

1. Take 5–10 μL of the 

completed reaction, and 

add an equal volume of 

2X SDS sample buffer

Generally 5 μL of the PROTEINscript II reaction is enough to produce
a visible signal on film after an overnight exposure to x-ray film, or a
phosphorimager screen. See page 17 for the 2X SDS sample buffer com-
position.

2. Incubate 3–5 min at 95°C Spin tubes briefly in a microfuge to collect the samples at the bottom of
the tube after the heat treatment. Allow samples to cool to room tem-
perature.

3. Load samples on gel and 

run

Rinse the wells of the gel, and load the samples. Typically, electropho-
resis is carried out at a constant current of 15 mA (~90 Volts) in the
stacking gel and 30 mA (~200 Volts) in the separating gel. Electropho-
resis is usually continued until the bromophenol blue dye is near the
bottom of the gel (within ~1 cm). If radiolabled reactions were run on
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the gel, be aware that the dye front contains the free radiolabeled amino
acids, so you may want to cut the dye front from the gel and discard it
in a radioactive waste receptacle.

4. Fix, stain and dry gel After electrophoresis, fix the proteins by immersing the gel in 45%
methanol, 10% acetic acid for 5 minutes with gentle agitation. If desired
stain the gel with Coomassie Blue to ensure that the gel has run prop-
erly, or dry it directly without staining. Fluorography can be used at this
step to reduce exposure times.

5. Expose dried gel to x-ray 

film or to a 

phosphorimager screen

Use an intensifying screen for x-ray film and expose it at –70°C over-
night. Shorter exposures may be sufficient if no unlabeled methionine
was used in the translation reaction (2–4 hours).

6. (optional) Excise gel 

fragment to determine 

the protein yield

If the number of methionines in the protein is known, then the yield of
in vitro synthesized full-length product can be determined as follows:
Identify the location of the full length protein on the gel after autora-
diography and mark it. Excise the gel fragment corresponding to the
full-length protein and put it into a 500 μL microfuge tube. Add
100 μL of 30% hydrogen peroxide, vortex to mix and incubate over-
night at 60°C to hydrolyze the acrylamide. Transfer all of the hydro-
lyzed material into a counting tube with scintillation fluid and measure
the radioactivity by scintillation counting. The protein yield can then be
determined based on the specific activity of the labeled methionine, the
molecular weight of the protein, and the number of methionines in the
protein (see section III.D.3 on page 14).

C. Measurement of Radiolabel Incorporation by TCA Precipitation

After the translation, remove 2 aliquots from each translation reaction
(including the minus-RNA control and the pTRI-Xef RNA if it was
translated). One aliquot will be diluted, decolorized, and incubated
with TCA. The TCA will precipitate any proteins present in the sample,
but not unincorporated radiolabeled amino acids. Precipitated protein
will then be collected on a glass fiber filter and counted in scintillation
fluid. The second aliquot will be scintillation counted directly to deter-
mine the total number of cpm that were present in the translation reac-
tion.

1. Mix a 2–5 μL sample from 

each reaction with 0.5 mL 

water

At the end of the reaction, or at the desired time intervals, remove
2–5 μL from each translation reaction (including the minus-RNA con-
trol and the pTRI-Xef RNA if it was translated) and add it to 0.5 mL of
water in a glass test tube (e.g. 12 x 75 mm).
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2. Add 0.5 mL decolorizing 

solution, incubate 10 min 

at 30°C

Vortex mixture briefly before incubation.

Treatment with NaOH deacylates the charged tRNA and ensures that
the only precipitable counts are coming from label incorporated into
protein. The hydrogen peroxide bleaches out the red color in the retic-
ulocyte lysate, which can cause quenching during scintillation counting. 

3. Add 1 mL cold 25% TCA 

(w/v), mix and incubate 

on ice 5 min

Add the cold trichloroacetic acid (TCA) and vortex briefly. Allow the
tubes to sit on ice for at least 5 minutes to efficiently precipitate all the
protein in the sample.

4. Collect the precipitates by 

vacuum filtration

We recommend filtration through Whatman GFC glass fiber filters or
their equivalent. Filters should be pre-wetted with 5% or 10% TCA
before filtering samples.

Rinse the tubes 3 times with cold 5% or 10% TCA, and apply these
washes to the filters also.

(Optional) Wash the filters with 95% ethanol or acetone after rinsing
tubes to facilitate water removal from the filters.

5. Allow the filters to dry 

and count the 

precipitated protein in 

scintillation fluid

If the filters are not completely dry, some quenching may occur. Filters
should become transparent when immersed in the scintillation fluid.
Measure cpm using the appropriate scintillation counter setting for the
isotope used in the translation reaction.

The cpm counted at this step represents the number of cpm incorpo-
rated into (TCA precipitable) protein. Note that most truncated protein
fragments will be large enough to precipitate with TCA.

6. Determine the total 

counts in the reaction

Remove another 2–5 μL aliquot (same volume as taken for TCA precip-
itation) and dilute it 10 fold in decolorizing solution. Vortex briefly and
incubate 10 min at 30°C. Spot the same volume of this mixture directly
onto a dry glass fiber filter. Count with the TCA precipitated samples.

For example, if 5 μL was removed for TCA precipitation, add another
5 μL to 45 μL decolorizing solution, after incubation at 30°C. Then
spot 5 μL of dilution onto the filter.

Total cpm in the reaction is equal to the cpm x 10 (dilution factor).

Conc. Component

1 N NaOH

1 mM D-methionine or L-methionine

1.5 % hydrogen peroxide
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D. Determining the Efficiency and Yield of Translation 

1. Fold stimulation Fold stimulation is defined as:
 

Most DNA templates give a stimulation of 20 fold over the minus DNA
control, while some may give as high as 50 fold stimulation. This is
sequence-dependent. The amount of stimulation is dependent on the
amino acid composition of the protein and on the quality of the DNA
template. Proteins with a high methionine content will give larger
apparent stimulations when radiolabeled methionine is used in the
translation reaction.

If little or no stimulation is seen by TCA precipitation, it is still worth-
while to analyze the samples on a gel because a specific product may be
visible even though the cpm incorporated suggests no appreciable syn-
thesis. (See section III.B on page 8).

2. Percent Incorporation Percent incorporation is defined as:

3. Picograms of protein 

synthesized: rough 

estimate

The amount of protein synthesized can be estimated roughly knowing
the amount of labeled and unlabeled amino acid added to the reaction
(specific activity of radioactive amino acid used), and the amino acid
content and molecular weight of the protein encoded by the input
DNA. This estimation cannot differentiate between TCA precipitable
counts that have been incorporated into full length protein and counts
that are present in prematurely terminated polypeptides.

To determine the amount of synthesized product, TCA precipitable
counts should be divided by the specific activity of the radiolabeled
amino acid (in dpm/mol) and then divided by the number of methion-
ines in the full-length protein. This will convert cpms to pmoles of
product. The molecular weight of the protein can then be used to con-
vert pmoles of product to picograms of protein.

cpm incorporated into protein (determined in step III.C.5 on page 10)

cpm incorporated in minus-DNA control reaction (deter-
mined in step III.C.5 on page 10)

cpm incorporated into protein (determined in step III.C.5 on page 10)

total cpm in the reaction (determined in step III.C.6 on page 10)
X 100
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a. Determination of specific activity

Estimation of picograms protein synthesized first requires the deter-
mination of the specific activity of the methionine in the reaction.
There are 3 sources of methionine in the reaction: the lysate itself,
the radiolabeled methionine and the unlabeled methionine (if
added). 
Specific activity = Ci/mol. 
First, determine the radioactivity added to the reaction:
Using [35S]Methionine (1200 Ci/mmol, 10 µCi/µL) and adding the
recommended 4 μL: 10 µCi/µL x 4 µL = 40 µCi.
Then determine the number of moles of methionine added:
The molarity of the label is:

4 µL is added to the reaction, so
8.3 pmol/µL x 4 µL = 33.2 pmol
The lysate itself has an endogenous pool of methionine around 5 µM.
For each reaction, 35 µL of lysate is added.
Thus 5 pmol/µL x 35 µL = 175 pmol
The unlabeled methionine provided is 500 µM and adding the rec-
ommended 2 μL contributes: 500 pmol/µL x 2 µL = 1000 pmol
The specific activity of the methionine is:

b. (Optional) Convert cpm to dpm

Newer scintillation counters may approach 95–100% counting effi-
ciency, in which case it is probably reasonable to assume that cpm are
equal to dpm. If this is not the case with your machine, the following
calculation should be made.

c. (Optional) Convert dpm to pmol methionine incorporated

The specific activity of the methionine is 33107 Ci/mol.

Since 1 Ci = 2.22 x 1012 dpm then 1 pmol of methionine corresponds to
72834 dpm.

10Ci
L

mol = 8.3µM X
1,200,000 Ci

= 8.3 pmol
µL

33.2 + 175 + 1000 pmol

40 µCi 
= 

40 x 10–6 Ci

1208.2 x 10–12 mol
=

33107 Ci
mol

dpm of sample = (cpm of sample – cpm of scintillation fluid alone)
counting efficiency of scintillation counter
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d. Convert pmol met incorporated to pg protein synthesized

From the pmol of methionine incorporated, divide by the number of
methionines (n) in the full-length protein and multiply by the
molecular weight (M).

 

The amount of protein calculated above is present in the sample of
the reaction taken for TCA precipitation. If 5 μL was taken for TCA
precipitation, multiply the pg synthesized above by 10 to obtain the
total amount of protein synthesized in the 50 μL reaction.

1 pCi X 1 pmol Met 1 pmol Met
2.2 dpm 33107 pCi 72834 dpm

dpm of sample X 1 pmol Met = pmol Methionine incorporated
72834 dpm

=

pmol met incorp. X 1 pmol protein M pgX = pg protein 
n met 1 pmol protein
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IV. Troubleshooting

A. Positive Control Reaction

The positive control included with the PROTEINscript II Kit is
pTRI-Xef1α DNA template with a 1.85 kb DNA insert. 

Positive control reaction 

set-up

Use 1 μL of the pTRI-Xef Control Template in a PROTEINscript II
transcription and translation reaction following the procedure in
sections II.B. Assembly of the Transcription Reaction starting on page 5,
and II.C. Assembly of the Translation Reaction starting on page 7. Be sure
to include a minus-DNA control reaction.

Expected result of the 

positive control reaction

TCA precipitate an aliquot of the translation product using the proce-
dure in section III.C. Measurement of Radiolabel Incorporation by TCA
Precipitation starting on page 9. The positive control template will yield
a protein of approximately 50246 daltons, containing 12 methionines
(Kreig 1989). Typical incorporation is 20 fold above the minus-DNA
control, or about 80 ng of protein.

B. Poor Yield of Protein

If the experimental sample DNA yields a translation product that pro-
duces a very faint band on a gel, or very few TCA-precipitable counts
over the minus-DNA control, there may be a problem with either tran-
scription or translation.

1. Troubleshooting 

Transcription

Analyze the quality and yield of the RNA made during the transcription
reaction on an agarose gel. We suggest running a 2 to 4 μL aliquot of the
transcription reaction on an agarose gel with size markers. (See section
V.B on page 18 for recipes.)
a. Contamination of DNA template with RNase

If the RNA appears degraded (e.g. smeared), remove residual RNase
from the DNA template preparation by digesting the DNA prep
with proteinase K (100–200 μg/mL) in the presence of 0.5% SDS
for 30 min at 50°C, follow this with phenol/chloroform extraction.
The RNase Inhibitor that is present in the transcription reaction, can
only inactivate trace RNase contamination. Large amounts of RNase
contamination will compromise the size and amount of translation
products. 
Section V.C on page 18 details a miniprep procedure which we find
generally yields high quality template DNA. 



IV.B. Poor Yield of Protein

Troubleshooting

15

b. Inhibitors of transcription present in the DNA template

If the transcription reaction with your template generates full-length,
intact RNA, but the reaction yield is significantly lower than the
amount of RNA obtained with the control template, it is possible
that contaminants in the DNA are inhibiting the RNA polymerase.
You should perform a mixing experiment (See figure 3 on page 15).
Include three reactions in the mixing experiment, using the follow-
ing DNA templates:
1) 1 μL pTRI-Xef control template
2) experimental DNA template (0.5 μg plasmid or 2–6 μL PC prod-
uct)
3) a mixture of 1 and 2
Assess the results of the mixing experiment by running 2 to 4 μL of
the transcription reaction on an agarose gel as described in section
V.B on page 18.
i. Transcription of pTRI-Xef is inhibited by the presence of the 

experimental DNA. (See figure 3.A)

This implies that inhibitors are present in the experimental DNA
template. A typical problem is DNA contaminated with residual
SDS. This is generally removed by phenol/CHCL3 extraction and
ethanol precipitation. Carry-over of SDS can be minimized by
diluting the nucleic acid several-fold before ethanol precipitation. 

ii. Addition of the experimental DNA to the transcription reaction 

containing pTRI-Xef does not inhibit synthesis of the Xef 

RNA. (See figure 3.B)

This result indicates that the problem may be inherent to the
experimental DNA template. 

Templates differ in their transcription efficiencies depending on
the intrinsic transcriptional initiation efficiency of their pro-
moter, the presence of internal termination signals, and their
length. If the problem is due to internal termination signals, sub-
cloning the fragment to be transcribed into a vector having a dif-
ferent phage promoter may alleviate the problem. 

Another possibility is that the quantitation of the experimental
DNA template is in error. If quantitation was based on UV absor-
bance and the DNA prep had substantial amounts of RNA or
chromosomal DNA, the amount of DNA may be substantially
less than the calculated value. 

Also, check an aliquot of the experimental DNA on an agarose gel
to make sure it is not degraded and is of the expected size.

1 2 3

1 2 3

Figure 3. Possible outcomes 

of mixing experiment

A

B

1: pTRI-Xef control template
2: experimental DNA template
3: mixture of 1 and 2



PROTEINscript® II T7 Kit 

IV.C. AmbionBackground Bands in Minus DNA Control16

2. Troubleshooting 

Translation

Is is useful to collect data and plot a time course of incorporation of
label to ascertain the rate of protein synthesis for the untested DNA
compared to the control DNA. Determine whether translation of the
experimental template is low throughout the 60 min time course or
whether the rate of synthesis is high during the first 15 min and then
drops dramatically, which is indicative of an inhibitor of translation
becoming activated. Generally 0, 15, 30, 45, and 60 min time points are
sufficient. The most common problem encountered is that a DNA tem-
plate prep contains potent inhibitors of translation as contaminants.
This can be tested by setting up a mixing experiment comparing trans-
lation of transcript from the control Xef-1α DNA, to translation of a
mixture of transcripts from the control Xef-1α DNA and the problem-
atic DNA together in the same tube. If translation of transcript from the
Xef-1α DNA is reduced when it is mixed with transcript from your
DNA template, there may be contaminants in your DNA template. It is
possible that the sample contains trace amounts of phenol, salts, etc.;
remove these by phenol:chloroform extraction and ethanol precipita-
tion or by using a commercially available DNA clean-up product. It
may also be helpful to simply use less DNA template in the transcrip-
tion reaction.

C. AmbionBackground Bands in Minus DNA Control

Appearance of bands at 

25–30 kDa

The control sample may give a few specific bands which can interfere
with detection of the translation products. The background bands at
apparent mass of 25–30 kDa are either [35S]Met-tRNAs, or small poly-
peptides from the translation of fragments of globin RNA remaining
after treatment with micrococcal nuclease. The bands are easy to elimi-
nate if the translation reaction is treated with 1/10th volume of
1 mg/mL RNase A or Ambion RNase cocktail and incubated at 30°C
for 10 min before an aliquot is removed for SDS-PAGE analysis.

Unexpected band at 42–50 

kDa

A background band of 42–50 kDa is sometimes seen when non-transla-
tion grade or old (oxidized) [35S]methionine is used as a label. (We
strongly recommend using the radiolabeled methionine products listed
in section I.D. Radioactive amino acid on page 3.) The intensity of this
band varies with different lots of [35S]methionine and with different
lysate. Inhibitors of protein synthesis do not eliminate it. It is thought to
result from a tRNA-dependent but ribosome-independent addition of
methionine to a pre-existing protein. If a different amino acid is used as
a label, this protein is not labeled although others may be labeled by a
similar mechanism. If the 42–50 kDa band is troublesome, omitting the
customary heating step before loading the gel can alter its mobility.
Without heating, the band will run with an apparent molecular weight
of about 220,000 daltons.
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V. Additional Procedures 

A. SDS-Polyacrylamide Gel Solutions

1. Resolving gel (minigel: 0.75 mm thick and 10 x 7 cm)

2. Stacking gel (6.7% Acrylamide)

3. 2X SDS sample buffer

Store at room temperature. Just before use, remove an aliquot of sample
buffer, and add either 10% β-mercaptoethanol, or DTT to 200 mM.
After the experiment, discard any unused sample buffer, containing the
reducing agent, as it cannot be stored.

Acrylamide concentration

10% 12.5% 15% Component

4.9 mL 4.2 mL 3.3 mL water

2.5 mL 2.5 mL 2.5 mL 1.5M Tris-HCl, pH 8.8

2.5 mL 3.1 mL 3.8 mL acrylamide/bis 37.5:1, 40%

100 μL 100 μL 100 μL 10% SDS

50 μL 50 μL 50 μL 10% ammonium persulfate

20 μL 20 μL 20 μL TEMED*

* adding TEMED will polymerize the gel

Amount Component

980 μL water

440 μL 1.5M Tris-HCl, pH 6.8

300 μL acrylamide/bis 37.5:1, 40%

18 μL 10% SDS

10 μL 10% ammonium persulfate

10 μL TEMED*

* adding TEMED will polymerize the gel

Amount Component

2 mL glycerol

4 mL 10% SDS

0.25 mg bromophenol blue

2.5 mL 0.5 M Tris-HCl. pH 6.8

to 10 mL water
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4. 10X gel running buffer

B. Agarose Gels for Analyzing Transcription Products

Melt agarose in 1X TBE, use ~1 g agarose per 100 mL buffer. Be sure that
the agarose is completely melted, and mix well before pouring the gel. 

Samples should be stained with ethidium bromide. Add it to the RNA
samples in sample buffer at a final concentration of 10 μg⁄mL, or add it
to gel mix or the gel running buffer at a final concentration of
0.5 μg⁄mL.

Submerge the gel in 1X TBE, load the samples, and run the gel at about
5V/cm.

C. Miniprep for Isolating Transcription-quality Plasmid DNA

Generally, the cleaner the template DNA, the greater the yield of the
transcription reaction. The following miniprep procedure yields high
quality transcription template. This procedure is derived from a pub-
lished procedure (Molecular Cloning, A Laboratory Manual), but dif-
fers in that the phenol/chloroform extraction is done after linearization
of the plasmid with restriction enzyme(s), and proteinase K treatment
(Step 9). In this way, any possible ribonuclease contamination from the
restriction enzyme is eliminated without an additional proteinase K or
phenol/chloroform extraction step. If you have difficulty getting good
restriction digestion of your plasmid prep, it may be necessary to
include a phenol/chloroform extraction before the ethanol precipitation
at Step 5.

Solution I

Autoclave for 15 min. Store at 4°C in small aliquots.

Amount Component

30 g Tris Base

188 g glycine

100 mL 10% SDS

to 1 L water

Amount Component

50 mM glucose

10 mM EDTA, pH 8

25 mM Tris-HCl, pH 8
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Solution II (make fresh)

Solution III

Store at room temperature.

1. Pellet cells Centrifuge a 1.5 mL bacterial culture (grown overnight) for about
30 seconds; pour off supernatant, respin briefly (about 5 seconds), and
remove residual supernatant via aspiration.

2. Resuspend pellet in 

110 μL Solution I, vortex

Add 110 μL of Solution 1 and vortex vigorously to resuspend the pellet.
Check for complete resuspension of pellet by inverting the tube and
confirming that the solution is homogenous.

3. Add 220 μL Solution II, 

incubate 1 min on ice

Add 220 μL of Solution II and invert the tube several times to mix.
Incubate the tube on ice for at least 1 min.

4. Add 165 μL Solution III, 

incubate 5 min on ice, 

centrifuge 5 min

Add 165 μL of Solution III and vortex medium-fast for 10 seconds.
Incubate the tube on ice for 5 min.

Centrifuge for 5 min at maximum speed: this spin should be done at
4°C if possible. Most of the proteins, genomic DNA, and other cellular
components will pellet during this spin.

5. Add supernatant to a 

fresh tube with 1 mL 

ethanol, incubate 5 min 

on ice, centrifuge 5 min

Add the supernatant to a fresh tube containing 1 mL of 100% ethanol,
and invert several times to mix. Incubate the mixture for 5 min on ice to
precipitate the plasmid DNA and some of the RNA.

Centrifuge for 5 min at maximum speed at 4°C if possible. This will
pellet the plasmid DNA. Pour off the supernatant, centrifuge briefly,
and aspirate off any residual supernatant.

6. Resuspend in ~50 μL TE 

containing RNase, 

incubate 5 min at 37°C

Resuspend the DNA pellet in ~50 μL TE (10 mM Tris HCl, pH 8 and
1 mM EDTA).

Add 0.5 U or 1 μg RNase A or use 1 μL of Ambion RNase Cocktail.
Vortex vigorously, incubate about 5 min at 37–42°C, and revortex to
thoroughly solubilize the pellet.

Amount Component

0.2 N NaOH

1 % SDS

for 100 mL Component

60 mL 5 M potassium acetate

11.5 mL glacial acetic acid

28.5 mL water (distilled deionized)
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7. Digest with appropriate 

restriction enzyme

Digest with an enzyme that will linearize the plasmid so that the poly-
merase promoter site will be upstream of the sequence you want to tran-
scribe. The volume of the restriction digest should be about 2–3 times
the volume of plasmid DNA used. Follow the recommendations of the
restriction enzyme supplier for buffer composition, units of enzyme to
use, and incubation conditions.

8. Treat with Proteinase K 

and SDS

Add SDS to a final concentration of 0.5% (usually a 10 to 20% SDS
stock solution is used). Add 50–100 μg/mL Proteinase K (final concen-
tration). Mix well by inversion, and incubate at 50°C for at least
30 min.

9. Phenol/chloroform 

extract and ethanol 

precipitate

Add an equal volume of phenol/chloroform or phenol/chloroform/IAA,
vortex vigorously, centrifuge ~1 min at room temp.

Remove the aqueous (top) phase to fresh tube, add 1/10th volume of
5 M ammonium acetate (RNase-free), add 2 volumes ethanol, incubate
at least 15 min at –20°C.

10. Pellet DNA Pellet the DNA by centrifuging at top speed for 15 min. After the spin,
discard the supernatant, re-spin briefly and remove any residual super-
natant.

Resuspend the DNA in 10–20 μL nuclease-free water per 1.5 mL cul-
ture. Vortex until the pellet has completely dissolved.

11. Gel analysis Assess the DNA by running an aliquot on an agarose gel in the presence
of ethidium bromide. Estimate the concentration of the DNA by com-
parison to a known quantity of similar-sized DNA run on the same gel. 
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VI. Appendix
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B. Quality Control

Functional Testing All components are tested in a functional PROTEINscript II reaction as
described in the protocol.

C. Safety Information

Chemical safety guidelines To minimize the hazards of chemicals:
• Read and understand the Material Safety Data Sheets (MSDS) pro-

vided by the chemical manufacturer before you store, handle, or
work with any chemicals or hazardous materials. 

• Minimize contact with chemicals. Wear appropriate personal protec-
tive equipment when handling chemicals (for example, safety glasses,
gloves, or protective clothing). For additional safety guidelines, con-
sult the MSDS.

• Minimize the inhalation of chemicals. Do not leave chemical con-
tainers open. Use only with adequate ventilation (for example, fume
hood). For additional safety guidelines, consult the MSDS. 
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• Check regularly for chemical leaks or spills. If a leak or spill occurs,
follow the manufacturer’s cleanup procedures as recommended on
the MSDS.

• Comply with all local, state/provincial, or national laws and regula-
tions related to chemical storage, handling, and disposal.

About MSDSs Chemical manufacturers supply current Material Safety Data Sheets
(MSDSs) with shipments of hazardous chemicals to new customers.
They also provide MSDSs with the first shipment of a hazardous chem-
ical to a customer after an MSDS has been updated. MSDSs provide the
safety information you need to store, handle, transport, and dispose of
the chemicals safely.

Each time you receive a new MSDS packaged with a hazardous chemi-
cal, be sure to replace the appropriate MSDS in your files.

Obtaining the MSDS To obtain Material Safety Data Sheets (MSDSs) for any chemical prod-
uct supplied by Applied Biosystems or Ambion:
• At www.appliedbiosystems.com, select Support, then MSDS.

Search by chemical name, product name, product part number, or
MSDS part number. Right-click to print or download the MSDS of
interest.

• At www.ambion.com, go to the web catalog page for the product of
interest. Click MSDS, then right-click to print or download. 

• E-mail (MSDS_Inquiry_CCRM@appliedbiosystems.com) or tele-
phone (650-554-2756; USA) your request, specifying the catalog or
part number(s) and the name of the product(s). We will e-mail the
associated MSDSs unless you request fax or postal delivery. Requests
for postal delivery require 1–2 weeks for processing.

For the MSDSs of chemicals not distributed by Applied Biosystems or
Ambion, contact the chemical manufacturer.

http://www.appliedbiosystems.com
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